In this article, we analyzed the monthly, seasonal and annual salinity variations and their relations with sea surface temperature (SST), rainfall over the Zhejiang province from 2005 to 2017. SST and rainfall were chosen as the main influence factors. There is an inverse relationship between rainfall and salinity. And the SST has a positive relation with salinity, showing slightly seasonal difference. The vertical variation is checked from surface to 150 meter depth, and 50 m is suggested to be a separating layer for salinity variations. We found that monthly changes in salinity are more variable in seawater at different depths. Seasonal changes in salinity in this area are significant. In winter and spring, the temperature is low, evaporation is small, and there is little rainfall, resulting in relatively higher salinity; frequent typhoon in summer and autumn with a large amount of freshwater input from the Yangtze River causes a lower salinity. For annual changes, we found an increasing trend over the surface as well as in sub-surface. In addition, we found initially that the stratification of the saline waters in Zhejiang Province makes the sub-surface salinity higher.
Introduction
Salinity is one of the main parameters used in oceanographic studies. The average salinity of the ocean water is about 35‰. However, there are regional variations in the salinity. For global climate variability, ocean salinity is an essential Open Access Library Journal variable playing an important role [1] . Besides horizontal variations there are vertical variations as well in the distribution of salinity in the oceans. Distribution of salinity in the world oceans and its interannual variability is having important role in climatic studies and water mass formation [2] . The variations in salinity are the result of certain physical processes such as evaporation, precipitation and freezing. Salinity is highly related to local evaporation (E) and precipitation (P) in the global ocean and in the coastal region to river discharges.
Earlier studies reveal the impact of precipitation/freshwater flux on the ocean stratification and pointed out that the salinity stratification strongly affected the ocean dynamics and air-sea interaction [3] . So far, ocean salinity studies were mainly based on in situ observations, either from traditional conductivity, temperature, and depth (CTD) profiles or newly employed Array for Real-Time Geotropic Oceanography (Argo) floats, and the ocean models.
As for the availability of more salinity observations from Argo floats [4] , it is becoming more and more important to develop methods to assimilate salinity profile data into ocean circulation models. Salinity has an impact on the density field and on ocean currents and water transports [5] [6] [7] [8] . Salinity is also important in certain places, where it controls the stability of the water column and hence to a degree, mixing and air-sea interaction. Temperature and salinity data have also been compared to identify climatic changes on decadal time scales [9] [10] [11] [12] [13] and discuss the global salinity changes as providing the dominant signal of climate change in the oceans over the past few decades.
Salinity decreases in case fresh water is added to the ocean water. The process of evaporation is certainly the most important factor that controls the distribution of the surface salinity. Evaporation is controlled by temperature, relative humidity and the instability or stability in the lower layers of the atmosphere.
Thus it is clear that the conditions which favor the higher rate of evaporation will naturally produce areas of high surface salinity. Northwestern pacific is prone to have higher number for storm, by which higher rainfall occurred over the ocean and land. Fresh water will be added to ocean surface as rainfall and river discharges tends to dilute the sea water and decrease salinity. The influx of fresh water by river is another important factor which brings down the degree of salinity in ocean water. In the Zhejiang province, China Changjiang River or Yangtze River is the main source for fresh water input to the East China Sea [14] .
The aim of this paper is to find out the variations on monthly, seasonal and annual basis and the relations with SST, rainfall over the Zhejiang province. Due to lack of river discharge data, the relation with salinity has not been given, however previous studies on the variation of salinity due to river discharge have been quoted.
Data and Methods
Study area: Zhejiang province is one of the typical areas over East China coast, consisting of coastal area as well as islands. Zhejiang coastal waters are influ- [18] . Further statistical analysis has been done to find out the relation between salinity with SST and Rainfall. T-test has been done to check the data and correlation coefficients are calculated with 95% confidence level.
Results

Variation of salinity:
Mean monthly composite salinity profiles variations from surface to −150 m are given in Figure One can find the February month composite of salinity having similar salinity from surface to 150 m, however in other months there are variations in salinity due to different factors (which will be discussed in later section).
Since there are variations in monthly basis, we checked the seasonal variations also. Figure 3 depicts the variation of salinity at different seasons. Salinity profiles are indicating a significant seasonal variation. In winter and spring salinity are higher than summer and autumn. Higher salinity is mainly due to freezing or lower temperatures over the region. As it is well known that if the water is attains its lower temperatures, salinity increases. This phenomenon can be seen in the Zhejiang waters during winter and spring. However in summer and autumn, Zhejiang waters will experience rainfall due to typhoons. As it is well known that frequency of typhoons are higher over Western Pacific than anywhere in the world. As typhoons bring heavy rainfall and higher winds, salinity will decreases due to rainfall, however due to higher wind speed there will be upwelling and salinity will increase. The degree of rainfall influence will be higher than the upwelling, we cannot find the increase in salinity in monthly basis. However if we check the variations on daily basis (daily variations are not given and discussed in this paper), during typhoon period, salinity will increase at surface due to typhoons winds provided the intensity of the typhoon should be higher. SST is mainly depends on the solar radiation and is the same for salinity.
When SST increased it produce evaporation over the warmer surface. Higher evaporation is leading to increase in salinity. However salinity cannot be in- with SST. This relation between SST and salinity reveals when higher SST, salinity increase leading to higher density. The higher density water moves to lower layers, so that stratification of sea water. As it is mentioned in the previous sections, salinity variations are seasonal; the annual variations may be normalizing the variations. Seasonal relation between SST and salinity at different depths are given in Table 1 . There is a clear relation during winter and autumn, which are indicating higher correlation. In the winter season, except at 10 m depth, the correlation coefficients are more than 0.5, which clearly indicates that increase in salinity during the winter, as the SST decreases. When there is a cold wind passing through the ocean, the temperatures will decrease and begin to condensation, which leads to increase in salinity. In the spring, SST doesn't have a significant relation with salinity. However, SST and Salinity at different depths the correlation coefficients becoming higher with increase in depth. In the summer season, the air temperatures will be higher which increases SST. However there is no significant relation found in summer. Salinity at the depth of 50m has relation with SST. This indicates when higher temperatures increased the salinity, higher density waters are moving down to become stratification of water with respect to density.
Rainfall: Rainfall is occurring over Zhejiang waters especially due to typhoons and by local convection that influence the salinity immediately. When compare the seasonal variations, the relation between rainfall and salinity at different depths is given in Table 1 . In the winter the relation between the rainfall and salinity are indicating a positive relation. This can inferred as during the winter, there will be precipitation, which can be happened as snow, and the temperatures are less, which leading to increase in salinity. However in spring time rainfall and salinity indicating negative relation. When the temperatures are increasing the snow which occurred during the winter will be melt as fresh water, leading to lower the salinity. During the spring, the negative relation increased from the surface to 150 m. In summer, the rainfall will be less and higher temperatures prevail, the salinity and rainfall have a positive relation. However in the autumn, there will be rainfall due to several typhoons and the river discharge/terrestrial runoff will be higher, which reduces the salinity. That can be observed in the salinity is having negative relation with rainfall, however the magnitude less. Here we have only find the relation with the rainfall, the river discharge or terrestrial runoff not be considered due to lack of data, so we cannot able to include.
Discussion
Salinity is important for marine science, variations in salinity can affect the physical and biological processes such as climate changes, ocean currents variations, water mass formation also in increasing salinity may have potential threaten to higher. This is the preliminary study on the salinity over the Zhejiang province waters. Further research work has to be done to find the influencing factors for salinity variations in detail. Also to find out how salinity variations are impacting the climate, current system and water mass formation.
Conclusion
From this study we can conclude that, salinity variations over Zhejiang waters have seasonal variations. Annual variation of salinity is signifying an increasing trend over the surface as well as in sub surface. The depth of 50 m is dividing the surface and sub surface as a barrier between surface and sub surface waters. SST is having an influence on salinity at surface as well as at subsurface. The relation can be clearly seen in Table 1 . Rainfall affect can be observed on autumn, in autumn season experience higher number of typhoons produces higher rainfall and leading to reduce salinity, there is an inverse relation between rainfall and salinity ( Table 1 ).
